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Metal-rich regions and the IMF
We have obtained high quality FORS1/VLT optical spectra of 85 disk regions in the nearby spiral
galaxies NGC 3351, NGC 3521, NGC 4254, NGC 4303, and NGC 4321. Our sample of metal-rich regions
with metallicities close to solar and higher reveal the presence of Wolf-Rayet (WR) stars in 27 objects from
the blue WR bump ( 4680 A) and 15 additional candidate WR regions. This provides for the rst time a
large set of metal-rich WR regions.
Introduction sintro
Wolf-Rayet stars (WR) are the descendants of the most massive stars. Although they live during a short
time (Maeder & Conti 1994) these stars have been detected in young stellar systems, such as extragalactic
HII regions (Kunth & Schild 1986) and the so-called WR galaxies (Conti 1991, Schaerer et al. 1999b). They
are recognized by the presence of broad stellar emission lines at optical wavelengths, mainly at 4680 A (known
as the blue WR bump) and at 5808 A (red WR bump). The blue bump is a blend of N v λλ4604,4620,
N iii λλ4634,4641, C iii/iv λλ4650,4658 and lines, that are produced in WR stars of the nitrogen (WN) and
carbon (WC) sequences. In contrast, the red bump is formed only by and it is mainly produced by WC
stars. The detection of these features in the integrated spectrum of a stellar system provides a powerful tool
to date the onset of the burst, and it constitutes the best direct measure of the upper end of the initial mass
function (IMF). Thus, if WR features are found in the spectra of star forming systems, stars more massive
than MWR, where MWR  25 M for solar metallicity, must be formed in the burst.
The IMF is one of the fundamental ingredients for studies of stellar populations, which has an important
bearing on many astrophysical studies ranging from cosmology to the understanding of the local Universe.
In particular the value of the IMF slope and the upper mass cut-o (Mup) strongly influences the mechanical,
radiative, and chemical feedback from massive stars to the ISM such as the UV light, the ionizing radiation
eld, and the production of heavy elements.
A picture of a universal IMF has emerged from numerous works performed in the last few years (e.g.
Gilmore & Howell 1998 and references therein). Indeed, these studies derive a slope of the IMF close to the
Salpeter value for a mass range between 5 and 60 M. This result seems to hold for a variety of objects
and metallicities from very metal poor up to the solar metallicity, with the possible exception of a steeper
eld IMF (Massey et al. 1995, Tremonti et al. 2002). However, the IMF in high metallicity (12+log (O/H)
(O/H)  8.92) systems is much less well constrained. Dierent indirect methods to derive the slope and
Mup give contradictory results.
The detection of strong wind resonance UV lines in the integrated spectrum of high metallicity nuclear
starbursts clearly indicate the formation of massive stars (Leitherer 1998; Schaerer 2000; Gonzalez Delgado
2001). In contrast, the analysis of the nebular optical and infrared lines of IR-luminous galaxies and high
metallicity regions indicates a softness of the ionizing radiation eld that has beeninterpreted as due to the
lack of stars more massive than  30 M (Goldader et al. 1997; Bresolin et al. 1999; Thornley et al. 2000;
Coziol et al. 2001). However, the interpretation of these indirect probes relies strongly on a combination of
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models for stellar atmospheres and interiors, evolutionary synthesis, and photoionisation, each with several
potential shortcomings/diculties (cf. Garca-Vargas 1996, Schaerer 2000, Stasinska 2002). For example,
recently Gonzalez Delgado et al. (2002) have shown that the above conclusion could be an artifact of the
failure of WR stellar atmospheres models to correctly predict the ionizing radiation eld of high metallicity
starbursts (see also Castellanos 2001, Castellanos et al. 2002b).
A more direct investigation of the stellar content of metal-rich nuclear starbursts has been performed
by Schaerer et al. (2000, hereafter SGIT00), using the detection of WR features to constrain Mup. They
found that the observational data are compatible with a Salpeter IMF extending to masses Mup 40 M.
Most recently, a similar conclusion has been obtained by Bresolin & Kennicutt (2002, hereafter BK02) from
observations of high-metallicity HII regions in M83, NGC 3351 and NGC 6384.
Here, we present a direct attempt to determine Mup based on the detection of WR features in metal-rich
regions of a sample of spiral galaxies. To obtain statistically signicant conclusions about Mup and the slope
of the IMF, a large sample of regions needs to be observed. For coeval star formation with a Salpeter
IMF and Mup=120 M at metallicities above solar,  60 to 80 % (depending on the evolutionary scenario
and age of the region) of the regions are expected to exhibit WR signatures (Meynet 1995; Schaerer &
Vacca 1998, hereafter SV98). Thus, to nd 40 regions with WR stars (our initial aim) a sample of at least
5-7 galaxies with 10 regions per galaxy needs to be observed. Spectra of high S/N (at least 30) in the
continuum are also required to obtain an accurate measure of the WR features. For this propose, we have
selected the nearby spiral galaxies NGC 3351, NGC 3521, NGC 4254, NGC 4303 and NGC4321, which have
have sucient number of disk regions of high-metallicity, as known from earlier studies.
Our observations have indeed allowed to nd a large number of metal-rich WR regions. The analysis
of their massive star content is the main aim of the present paper. Quite independently of the detailed
modeling undertaken below, our sample combined with additional WR regions from Bresolin & Kennicutt
(2002) allow us to derive a fairly robust lower limit on the upper mass cut-o of the IMF in these metal-rich
environments (see Sect. simf).
The structure of the paper is as follows: The sample selection, observations and data reduction are de-
scribed in Sect. sobs.Thepropertiesofthe regionsarederivedinSect. sprops.SectionswrohdiscussesthetrendsoftheWRpopula
Sample selection, observations and reduction sobs
table*[htb] Galaxy sample tabsamplecentertabularllllllllllGalaxyNEDtypeandactivityα (J2000) δ
(J2000) vr distance
Selection of the HII regions Our target galaxies (see Table tabsample)areselectedamongnearbyspiralgalaxieswhereasuff
Metallicities of all known regions were estimated from the published [O ii] λ3727 and [O iii] λλ4959,5007
intensities using the standard R23 \strong line" method and various empirical calibrations. For the FORS1
multi-object spectroscopic observations described below regions with metallicities above solar (log R23 0.6)
were given rst priority. Secondary criteria taken into account in the choice of the known regions were a
large equivalent width, and bright continuum flux at  4650 A as determined from inspection of the spectra.
This procedure lead to a rst selection of 4 to 7 regions per galaxy. Other regions with lower metallicities
and/or lower equivalent widths were retained as secondary targets.
Up to 19 slitlets per exposure can be used for spectroscopy with FORS1. Our primary targets were
rst positioned using the R-band images (see below) and the remaining slitlets were lled whenever possible
with secondary targets. If a slitlet was left without any of our selected regions, we attempted to target other
regions selected from the images of Hodge & Kennicutt (1983). For each galaxy a nuclear spectrum, to be
reported upon later, was also obtained.
Observations R band imaging was obtained with FORS1/VLT in april 2000, and was used to determine
the positions of our targeted regions with sucient accuracy. Subtracting a local average emission from the
host galaxy the R band magnitudes of our target regions were determined; typical magnitudes of mR 
19{21 are found.
The spectroscopic observations of our sample of regions were carried out with FORS1/VLT in the second
2001 trimester. Table tabloggivesinformationsabouttheexactdatesandmeteorologicalconditionsduringtheobservations.
table*[t] Log of the observations with meteorological conditions and exposure times for both grisms
center tabularlccccc galaxy date weather seeing ["] exp. time blue [s] exp. time red [s]
The spectral range from 3600 A to 1 µm was covered with a \blue" spectrum from 3600 to 6500 A with
grism 300V+10, and a \red" spectrum from 6000 to 10000 A with grism 300I+11. The use of a 1 slit width al-
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lowed to get medium spectral resolution of around 6 A in the blue and 12 A in the red. Due to the limited slit
size, a fraction of the total nebular emission of the regions may be lost. This eect is acounted for in our inter-
pretation of the data (Sect. smodels).UnlessWRstarsfollowsystematicallyadifferentspatialdistributionthanotherstarsresp
Exposure times for each galaxy (see Table tablog)wereadaptedtoobtaininthecontinuumS/N 30 in the
blue, (needed for a precise measure of the WR bump) and  10 in the red (needed to measure the [S iii]
λλ9069,9532 lines). Spectrophotometric standard stars data were also acquired.
Data reduction and analysis Reduction was carried out using the IRAF and MIDAS packages. The
rst steps consisted in the usual bias subtraction, flateld division, and 2D wavelength calibration. Flux
calibration was done using a standard atmospheric extinction curve and spectrophotometric standard stars.
Given that the spectrophotometric standards were not always obtained during the night of the observations,
we estimate an absolute flux accuracy of  10 %. In addition, due to the optimisation for a maximum
multiplex, the observations were not taken at parallactic angle, leading to a slight mismatch between the
blue and red spectra. A quantitative analysis of the eetcs of dierential refraction has not been undertaken
here. As the main diagnostics used in the present paper lie in a limited wavelength range, and the observations
have been taken at small airmass, this should represent a negligible source of uncertainty.
For each region, a background including sky emission and underlying emission from the galaxy was
extracted from the slitlet sub-image. This procedure was non-trivial as this background spectrum had in
most cases to be determined near the edges of the sub-image, where the wavelength calibration may slightly
deviate from the one of the region. Special care has been taken for the red spectra, since the sky emission
was often several times brighter than the region emission. We thus re-calibrated the background emission
spectrum according to the region by comparing the position (and sometimes the intensity) of the sky
emission lines. This time-consuming operation gave very satisfying results and useable spectra up to 1 µm
for almost all regions. The nal 1D spectra were generally extracted with a 4 wide aperture.
Line intensities and equivalent width were obtained by visually placing a continuum on both sides of
the line and then integrating all over this range. Errors were estimated by moving the continuum upwards
by half the value of the noise near the line position and re-computing the intensity and equivalent width.
Where possible the following nebular emission lines were measured: λ3727, the H Balmer line series
including to H9, , λ4959,5007, λ5201, λ5876, λ6300, λ6548,6584, λ6678, [S ii] λλ6717,6731, λ7065,
[Ar iii] λ7136, λ7325, and [S iii] λλ9069,9532. If present, broad emission lines at λ  4680 A (referred to
subsequently as the (blue) WR bump), , and indicative of Wolf-Rayet (WR) stars were also measured. The
spectra were also inspected for the presence of stellar absorption lines like the Ca ii triplet, the CH G band
at  4300 A, Mg lines at  5200 A, or TiO bands.
The spectra were deredened using the Whitford et al. (1958) extinction law as parametrised by Izotov
et al. (1994) assuming an underlying absorption of W () = 2 A and an intrinsinc Balmer decrement ratio of
I()/I() = 2.86.
All detailed results including nding charts, line measurements, and a detailed analysis of the nebular
properties will be published in a forthcoming paper.
table*[htb] Statistics of WR regions tabwrcentertabularlllljllllllGalaxy#bluebump##cand. bluebumpcand. cand.
Properties of the HII region sample spropsThepropertiesofourgalaxysampleasgivenbytheNEDdatabaseandtheadoptedd
A total of 121 spectra were extracted from the 95 slitlets. Nebular emission lines were detected in 88
spectra; 85 correspond to extra-nuclear regions.
guregles), andtheR23 methods of Zaritsky et al. (1994, squares), and Edmunds & Pagel (1984, stars). See comments in text. gohcompare
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